E36ts24 is a temperature-sensitive (ts) cell cycle mutant derived from the Chinese hamster lung cell line E36. At the restrictive temperature for growth (40.30C), the mutant cells are arrested at early S phase. We have microinjected poly(A)+ RNA isolated from the wild-type E36 cells into the cytoplasm of E36ts24 cells arrested at early S phase after 24 hr of incubation at 40.30C. The ts mutation was transiently complemented in a significant fraction of the microinjected
cells as evidenced by the incorporation of [3H]thymidine assayed by autoradiography. Microinjection of mRNA fractionated by methylmercuric hydroxide/agarose gel showed that the mRNA capable of transiently complementing the mutation in E36ts24 contains about 940 nucleotides. Hence, it can code at most for a protein containing about 230 amino acids. We estimate that the partial purification by fractionation of the mRNA active in the transient complementation is on the order of 100-to 200-fold.
One of the powerful tools used for the analysis of cell cyclespecific functions are temperature-sensitive (ts) cell cycle mutants (1) . The use of such mutants revealed the existence of different control steps along the cell cycle and the relationship between different stages along the cell cycle (2) . Yet, even with the use of ts mutants, only a small number of specific cell cycle functions have been fully identified. Most studies were limited to the characterization of the point of arrest along the cell cycle of ts mutants incubated at the restrictive temperature.
One of the new approaches to identify specific defective functions in mutants is to clone the normal genes in plasmids and select cloned genes by their ability to complement specific mutations. This approach has been used for cell cycle genes in yeast (3, 4) . The cloned genes can be transcribed and translated in vitro to identify their products. The same approach can be used in mammalian cells amenable to DNA transformation (5) .
Several groups of investigators have successfully used RNA microinjection to study gene expression of specific genes (6, 7). The efficient translation in vivo of a specific mRNA microinjected into cells was detected by complementation of a mutant phenotype (8) .
E36ts24 (ts24) is a ts cell cycle mutant obtained from the Chinese hamster lung cell line E36. At the restrictive temperature, this mutant is arrested in early S phase. At the point of arrest, ts24 continues to synthesize DNA; however, most of the newly synthesized DNA is degraded (to be published elsewhere). In the study reported here, using mRNA isolated from the parental E36 cells and the RNA microinjection and fractionation technique described by Lin et 
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Proc. Natl. Acad. Sci. USA 81 (1984) stain, and the percentage of labeled nuclei in the microinjected cells was determined.
Assay for TK Activity in TK-Cells Microinjected with RNA. RNA was microinjected into RJK4691 cells seeded on coverslips. The microinjected cells were incubated for 24 hr at 370C with a medium containing 5 /ICi of [3H]thymidine per ml. They then were fixed and processed for autoradiography as described above.
RESULTS
Transient Complementation of the ts Mutation in ts24 Cells by Microinjected mRNA. As previously shown (11), ts24 cells incubated at the restrictive temperature for growth are arrested in S phase. At the point of arrest, the cells continue to synthesize DNA at a high rate. However, most of this newly synthesized DNA is degraded (to be published elsewhere Fig. 1 . The large increase in the fraction of labeled cells among the microinjected cells shows that the mutant cells can be transiently rescued by the introduction of RNA from wild-type cells.
Transient Complementation of TK-Mutation by Microinjected RNA. Lin et al. (9) have shown that TK mRNA in cytoplasmic poly(A)+ RNA can be efficiently translated in vivo and assayed in microinjected cells. In addition, they were able to fractionate the TK mRNA according to its size and to retain its biological activity as assayed by microinjection into TK-cells. We have repeated these experiments with the Chinese hamster E36 RNA as a test for retention of biological activity in the isolated RNA before and after fractionation. We used RJK4691 TK-cells as recipients in these microinjection experiments. Our results showed that the fractions in the size range of 16S RNA contained the TK mRNA. These results show that the Chinese hamster TK mRNA has a size similar to human TK mRNA.
Partial Purification of the mRNA That Transiently Complements the Mutation in ts24. Cytoplasmic poly(A)+ RNA isolated from E36 cells was fractionated by methylmercuric hydroxide/agarose gel electrophoresis as described by Bailey and Davidson (12) (6, 7) . This technique has been used successfully by Liu et al. (8) and recently by Lin et al. (9) to study transient complementation of mutant phenotypes. Thus, Lin et al. (9) , who fractionated the mRNA according to its molecular weight, were able to complement TK-and HPRT-mutants by injecting the mutant cells with specific mRNA fractions and to determine the molecular weight of the biologically active TK and HPRT mRNA.
We (Fig. 3) ; and (iii) injection into the cytoplasm of this mRNA to the mutant cells arrested at S phase transiently complements the mutation.
If we assume that the poly(A) tail and the untranscribed leader sequence contain together about 240 bases, then the maximum coding capacity of this RNA is a protein of 233 amino acids.
